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ABERODYNAMIC DAMPING AND OSCILLATORY STABILITY IN PITCH
AND YAW OF A VARIABLE-SWEEP SUPERSONIC TRANSPORT
CONFIGURATION AT MACH NUMBERS FROM 0.40 TO 1.80

By Robert A. Kilgore
Langley Research Center

SUMMARY

Wind-tunnel measurements of the aerodynamic damping and oscillatory stability in
pitch and yaw of a model of a variable-sweep supersonic transport configuration have
been made at Mach numbers from 0.40 to 1.80 by using a 1° amplitude forced-oscillation
mechanism. The investigation was made with wing leading-edge sweep angles of 25° at
Mach numbers of 0.40 and 0.80, 50° at Mach numbers of 0.80, 0.90, 1.00, and 1.20, and
75° at a Mach number of 1.80. The effects of horizontal and vertical tails, as well as
the effect of horizontal-tail height, were determined. The engine inlets were blocked
since internal flow through the engines could not be simulated. In order to determine
qualitatively the effect of blocking the engine inlets, tests were also made with a config-
uration having an ogive nose.

The results of the investigation indicate that for the oscillation center which was
used the compléte airplane configurations generally have positive damping and oscillatory
stability in both pitch and yaw except for a region of longitudinal instability at angles of
attack greater than about 6° at subsonic speeds. The horizontal-tail and vertical-tail
surfaces generally provide most of the damping in pitch and damping in yaw, respectively.
The low horizontal tail generally provides slightly greater damping and stability in pitch
than the high horizontal tail, and the increase varies with wing sweep angle and angle of
attack. The levels and trends of damping and stability in pitch are generally independent
of fuselage shape. The effect of fuselage shape on the lateral dynamic stability character-
istics is insignificant near an angle of attack of 0° and is appreciable at angles of attack
greater than about 4° to 69,

INTRODUCTION
One of the requirements for a commercially successful supersonic transport is that

the airplane have acceptable stability and control characteristics in all phases of flight.
The National Aeronautics and Space Administration, therefore, has investigated the




aerodynamic characteristics of a number of proposed supersgonic transport configura-
tions, some of which employ variable-sweep wings. Some of the longitudinal and lateral
dynamic stability characteristics for one of the varigble-sweep supersonic transport con-
figurations are presented in reference 1 for the configuration with wings swept back 759
for Mach numbers of 2.40, 2.98, and 3.60.

This paper presents some experimentally determined longitudinal and lateral
dynamic stability characteristics at Mach numbers from 0.40 to 1.80 for the model used
in the investigation of reference 1. The model was tested with wing leading-edge sweep
angles of 25° at Mach numbers of 0.40 and 0.80, 50° at Mach numbers of 0.80, 0.90, 1.00,
and 1.20, and 75° at a Mach number of 1.80. The tests were made at an oscillation ampli-
tude of about 1° by using a forced-oscillation technique.

Tests were made to determine the effect of removal of the horizontal and vertical
tails and of changing the horizontal-tail height. The model was tested with the engine
inlets blocked since the space required for the oscillation-balance mechanism prevented
internal flow through the engine ducts. Since it was recognized that blocked engine inlets
would not provide a correct simulation of flow over the model, tests also were made with
the model equipped with an ogive nose faired into the fuselage in order to provide a quali-
tative comparison of the effects of blocked engine inlets on the dynamic stability
characteristics.

SYMBOLS

Measurements and calculations were made in the U.S. Customary Units; however,
they are presented in this text in the International System of Units (SI). Details con-
cerning the use of SI, together with physical constants and conversion factors, are given
in reference 2.

The aerodynamic parameters are referred to the body system of axes as shown in
figure 1. These axes originate at the oscillation center of the model, as shown in the
detail drawings which are presented in figure 2. The equations which were used to reduce
the dimensional aerodynamic parameters of the models to the nondimensional aerody-
namic parameters are presented in the section entitled ""Measurements and Reduction of
Data." The reference dimensions are based on the geometric characteristics of the
model with the wings in the 75° sweep position, regardless of the actual test wing-sweep

position.
b reference span, 0.491 meter
c reference chord (mean geometric chord), 0.357 meter



f fregquency of oscillation, hertz
k reduced-frequency parameter, -2%% in pitch, % in yaw, radians
M free-stream Mach number
q angular velocity of body-axis system about Y-axis, radians/second (see fig. 1)
a_ free-stream dynamic pressure, newtons/meter2
R Reynolds number based on €
r angular velocity of body-axis system about Z-axis, radians/second (see fig. 1)
S reference area, 0.154 meter2
v free-stream velocity, meters/second
a angle of attack, degrees or radians; or mean angle of attack, degrees (see
fig. 1)
B angle of sideslip, radians (see fig. 1)
A angle of wing sweep, degrees
w angular velocity, 24f, radians/second
C; rolling-moment coefficient, Rolling moment (see fig. 1)
q.,5b
Cm pitching-moment coefficient, Pltcmgg Snéoment (see fig. 1)
(e8]
. ' . . Yawing moment .
Cn yawing-moment coefficient, (see fig. 1)
q.5b
c 8C di
L = — per radian
r 5 rb2>
4v2
BC‘Z
C;, = ——==per radian

B 9B




Cm

Cmq &= -~ per radian
h a(?i&.)
2V
8C
Crs = —2— per radian
ol 2o
AV
9Cm .
Cma'—" 5 Per radian
aC
Cmo'z = — per radian
a(a_C‘_>
2V
0
o n per radian
T 5 r_p_)
2V,

aC
= _ per radian

Ci -
o a(be
4v2

aCh ,
Cnﬁ = T3 per radian

_9Cp
"
2V

Cl COS ¢ + kZCZ.
B T

per radian

Cm,. - kK2Cyp:
ma mq
Cnp - Cné Ccos o

Cng coS o + k2Cp,,

effective-dihedral parameter, per radian

damping-in-pitch parameter, per radian

oscillatory-longitudinal-stability parameter, per radian

damping-in-yaw parameter, per radian

oscillatory-directional-stability parameter, per radian

A dot over a quantity indicates a first derivative with respect to time. The expres~

sion cos o appears in the lateral parameters since these parameters are referred to the

body system of axes.
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Configuration Nomenclature

The degignation used herein for the various model components is as follows:

Fo fuselage with ogive nose

Fy fuselage with blocked-engine-inlet nose
Hy low horizontal tail

Hy high horizontal tail

Was wing with leading-edge sweep of 259
Wso wing with leading-edge sweep of 50°
Wns wing with leading-edge sweep of 75°

\ vertical tail

MODELS AND APPARATUS

Models

The models of the two basic configurations which were tested are shown in the air-
brush drawings of figure 2 and photographs of figure 3. As previously mentioned, the
model used in this investigation is the same model as was used in reference 1.

The model was made of magnesium, aluminum, and plastic~impregnated fiber glass.
The wings are adjustable so that leading-edge sweep angles of 25°, 50°, and 75° can be
obtained. The wings in the 25° sweep position have NACA 65A006 thickness distributions
parallel to the airstream and are cambered to provide flat undersurfaces. A wing twist
of 2° washout is developed about the 50-percent-chord line. The horizontal and vertical
tails have 3-percent-thickness distributions parallel to the airstream and are based on
NACA 65-series airfoil sections. Provisions were made for changing the height of the
horizontal tail and for removing both the horizontal and vertical tails. A detail drawing
of the wing and horizontal tail is presented in figure 4.

Two interchangeable nose sections were provided for the fuselage. The nose sec-
tion shown in figure 2(a) has a simulated engine inlet with blocked air passages. The
other nose section, shown in figure 2(b), has a tangent ogive which is faired into the




fuselage near the wing root. As previously mentioned, no provision was made for flow
through the engines because of the space required for the oscillation-balance mechanism.

The reference dimensions used to reduce the data are based on the geometric char-
acteristics of the model with the wings in the 75° sweep position, regardless of the actual
test wing-sweep position. Actual model geometric characteristics are as follows:

Wing sweep Mean geometric :
angle, A, Span, b, chord, T, Wing ?rffa’ S,
deg m m
25 0.972 0.140 0.188
50 .199 .235 .158
75 1491 357 .154

Three-dimensional roughness in the form of 0.0025-meter-wide bands of sparsely
distributed No. 60 carborundum grains was applied to the wing and tail surfaces at the
10-percent-streamwise-chord line (defined for the wing in the 50° sweep position). The
roughness size and location were not changed when the wing sweep was changed to 25° or
to 759, A similar band of roughness was applied around the fuselage approximately
0.051 meter from the nose.

Apparatus

Oscillation mechanism.- Exploded and assembled views of the forward portion of
the oscillation-balance mechanism which was used for these tests are presented in figure
ure 5. Since the amplitude of the forced oscillation was small (19), the rotary motion of
an electric motor was used to provide essentially sinusoidal motion of constant amplitude

to the balance through the crank and Scotch yoke mechanism. The oscillatory motion was
about the pivot axis, which was located at the proposed center-of-mass location of the
configuration.

The strain-gage bridge used to measure the torque required to oscillate the model
was located between the model mounting surface and the pivot axis. This bridge location
eliminated the pivot friction characteristics from the model system and thereby elimi-
nated the need to correct the data for varying pivot friction associated with changing aero-
dynamic load. Although the torque bridge was physically forward of the pivot axis, all
torques were measured with respect to the pivot axis.

The mechanical spring shown in the photograph (fig. 5) was installed between the
model mounting surface and the fixed sting. The strain-gage bridge which was attached
to the mechanical spring was used to determine the amplitude of the model angular dis-
placement with respect to the fixed sting. The mechanical spring allowed the model sys-
tem to be oscillated at velocity resonance.
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For the yawing tests, a rolling-torque balance was attached to the front of the oscil-
lation balance to provide measurements of the rolling torque induced by the yawing motion.

Wind tunnels.- Two wind tunnels were used to obtain the data presented herein.
Common to both tunnels is the ability to control relative humidity and total temperature
of the air in the tunnel in order to minimize the effects of condensation shocks and the
ability to control total pressure in order to obtain the desired Reynolds number.

The data for Mach numbers from 0.40 to 1.20 were obtained in the Langley 8-foot
transonic pressure tunnel. The test section of this single-return wind tunnel is about
2.2 meters square with slotted upper and lower walls to permit continuous operation
through the transonic speed range. Test-section Mach numbers from near 0 to 1.30 can
be obtained and kept constant by controlling the speed of the tunnel-fan drive motor. The
sting support strut is so designed as to keep the model near the center line of the tunnel
through a range of angle of attack from about ~59 to 169 when used in conjunction with the
oscillation-balance mechanism that was used for these tests.

The data for a Mach number of 1.80 were obtained in test section number 1 of the
Langley Unitary Plan wind tunnel. This single-return tunnel has a test section about
1.2 meters square and about 2.1 meters long. An asymmetric sliding block is used to
vary the area ratio in order to change the Mach number from about 1.47 to 2.87. The
angle-of-attack mechanism that was used for these tests has a total range of about 250
when used in conjunction with the oscillation-balance mechanism. A photograph of one
of the models installed on the oscillation-balance mechanism in the wind-tunnel test sec-
tion is presented as figure 6. A more complete description of the Langley 8-foot tran-
sonic pressure tunnel and the Langley Unitary Plan wind tunnel is given in reference 3.

MEASUREMENTS AND REDUCTION OF DATA

The strain-gage bridges used to measure the torque required to oscillate the model,
the rolling torque (for yawing tests only), and the angular displacement of the model with
respect to the sting are powered by 3000-hertz carrier voltage. The bridge outputs are
proportional to the instantaneous torque and the instantaneous angular displacement. The
constant components of the bridge outpuis are removed by using conventional bridge-
balance circuits. The nonconstant components are amplified and passed through mechani-
cally coupled but electrically independent sine-cosine resolvers which rotate with con-
stant angular velocity at the frequency of model oscillation and resolve each signal into
two components. The components are rectified by phase-sensitive demodulators and
read~on damped digital voltmeters to provide direct-current voltage proportional to the
orthogonal components of the amplitude of the torque required to oscillate the model, the
rolling torque, and the angular displacement of the model with respect to the sting. The




amplitudes of torque, rolling torque, and dispiaeerﬁent are then computed from their
respective orthogonal components. The individual resolvers are electrically alined so
that the phase angle between the torque required to oscillate the model and angular dig-
placement and between the rolling torque and angular displacement may also be deter-
mined from the orthogonal components.

The resolver-damped—voltmeter system acts as an extremely narrow band-pass
filter with the center frequency always being the frequency of oscillation of the model.
In this way, as explained in reference 4, the effects of random torque inputs due to tunnel
turbulence or other causes are eliminated and only the components of torque and angular
displacement which occur at the frequency of oscillation are used in computing the dynamic
stability characteristics of the model.

The frequency of oscillation was measured by using an electronic counter to count
for 1 second the pulses generated by an induction-coil pickup and a 100-tooth gear which
was fastened to the shaft of one of the resolvers.

For the pitching tests, measurements were made of the amplitude of the torque
required to oscillate the model in pitch Ty, the amplitude of the angular displacement
in pitch of the model with respect to the sting ©, the phase angle 7 between Ty and
©, and the angular velocity of the forced oscillation w. The viscous-damping coefficient
in pitch for this single~degree-of-freedom system was computed as

T+, sin
Y n
Cv = = 1
Y wO (1)
and the spring-inertia parameter in pitch was computed as
Ty, cos 1

where Ky is the torsional-spring coeificient of the system and Iy is the moment of
inertia of the system about the body Y-axis.

For these tests, the damping-in-pitch parameter was computed as

A 2V
Cmq * Cm@ - _q S(’:'z [(CY>wind on (CY)Wind off] (3)
]

and the oscillatory-longitudinal-stability parameter was computed as

Cro . = K2Cpys = - —2—|(Ky - Ivw?2 - (Ry - Iyw2 4
Moy Mg qooSé‘li( R >Wi'ﬂd on <Y Yo )Wind off ®)

The wind-off value of Cy is determined at the frequency of wind-off velocity resonance
gince the value of Cv is independent of freguency and can be determined most accurately
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at the freguency of velocity resonance. The wind-on and wind-off values of Ky - Eywz
are determined at the same frequency since Ky - ]fywz is a function of frequency.

For the yawing tests, measurements were made of the amplitude of the torque
required to oscillate the model in yaw Tg, the amplitude of the angular displacement in
yaw of the model with respect to the sting ¥, the phase angle A between Ty and ¥,
and the angular velocity of the forced osciliation w.

The system characteristics in yaw, referred to the body Z-axis, were computed as

TZ sin x
Cy = — (5)
and
Tr cos A
Ky - Tyt = 205 ©

b4

where Kz is the torsional-spring coefficient of the system and 1y is the moment of
inertia of the system about the body Z-axis.

For these tests, the damping-in-yaw parameter was computed as

2V

- Ch. = - - (C
Cng ng ©o% @ q,,Sb2 [(CZ)Wind on ( Z)Wind off] (7)
and the oscillatory-directional-stability parameter was computed as
Tz cos M T cos )
Cng cos o + k2Cp; = ISb( : ) ( : ) (8)
%o v wind on v wind off

As for the pitching-oscillation tests, the wind-off value of Cy is determined at the fre-
quency of wind-off velocity resonance, and the wind-off and wind-on values of Ky - Iz w2
are determined at the same frequency.

During the yawing-oscillation tests, measurements were also made of the maximum
rolling torque Ty induced by the yawing oscillation and of the phase angle y between
Ty and the yawing displacement. That portion of the rolling torque in phase with yawing
displacement was used to compute the following expression for the effective-dihedral
parameter:

Ts, COS Ty cos
Cy, cos a + k2C;, = L < X 7/) - <L—1> (9)
B r q.,5b v wind on b wind off




TX cos vy
W

The wind-off and wind-on values of were determined at the same oscillation

frequency.

Instrumentation difficulties precluded accurate measurement of that portion of the
rolling torgue in phase with yawing velocity. Therefore, values of Clr - CZB cos o
were not computed for these tests.

TESTS

The dynamic-stability parameters in pitch were measured through a range of mean
angle of attack at 0° angle of sideslip with the model oscillating in pitch about the body
Y-axis. The oscillation balance was rolled 90° within the model to provide model oscilla-
tions in yaw about the body Z-axis as the dynamic¢-stability parameters in yaw were mea-
sured through a range of angle of attack at 0° mean angle of sideslip. The tests were
made at Mach numbers from 0.40 to 1.80 at an amplitude of about 1° by using a small-
amplitude forced-oscillation mechanism. Reynolds number, based on the mean geometric
chord of the wing in the 75° sweep position, stagnation pressure, and stagnation tempera-
ture for the various Mach numbers were as follows:

Mach Stagnation Stagnation Reynolds
number, pressure, temperature, number,
M kN/m2 K R
0.40 25.6 323 0.67 x 106

.80 1.10
.90 1.16
1.00 1.20
1.20 1.22
1.80 27.6 339 1.17

The angle of attack was varied from about 0° to about 10°. The reduced-frequency
parameter was varied from 0.0135 to 0.0465 in pitch and from 0.0135 to 0.0589 in yaw.
Tests were made with wing leading-edge sweep angles of 25° at Mach numbers of 0.40
and 0.80, 50° at Mach numbers of 0.80, 0.90, 1.00, and 1.20, and 75° at a Mach number of
1.80. The effects of horizontal and vertical tails, as well as the effect of horizontal-tail
height, were investigated. The engine inlets were blocked since internal flow through the
engines could not be simulated. Tests also were made with an ogive nose in order to
determine qualitatively the effect of blocking the engine inlets.

As previously mentioned, a turbulent boundary layer over the model was assured by
the use of three-dimensional roughness bands.
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PRESENTATION OF RESULTS

An index to the data figures is as follows:

Wing sweep Longitudinal Lateral

angle, A, Mach number, M stability stability
deg results results
25 0.40 and 0.80 Figure 7 Figure 10
50 0.80, 0.90, 1.00, and 1.20 Figure 8 Figure 11
75 1.80 Figure 9 Figure 12

Schlieren photographs taken in the plane of symmetry at M = 1.80 are presented as
figure 13.

DISCUSSION OF RESULTS

Longitudinal Stability

A =250, M =0.40 and 0.80 (fig. 7).~ Figure 7 presents the longitudinal dynamic
stability of several configurations with a wing sweep angle of 250 at Mach numbers of
0.40 and 0.80. All configurations have positive damping in pitch (negative values of
Cmq + Cm d) at all values of mean angle of attack «. Longitudinal stability generally

decreases with increasing « (positive longitudinal stability is indicated by a negative
value of Cm,, - kZCmq. Tests made with the horizontal tail removed (configura-—

tion FOW25V) show that about one-~half of the damping in pitch is provided by the hori-
zontal tail. The configuration with the low horizontal tail Hi has slightly greater
damping at all values of « than the configuration with the high horizontal tail Hg. The
configuration with the low horizontal tail is slightly more stable than the configuration
with the high horizontal tail at positive values of @ and less stable at negative values of
a. The configuration with the ogive fuselage Fq generally has greater damping than the
blocked-engine-inlet fuselage Fj. Differences in stability for the two configurations are

minor.

A =50° M =0.80to 1.20 (fig. 8).- The configurations with the wing swept 50° at
Mach numbers from 0.80 to 1.20 generally have positive damping in pitch except at a
Mach number of 1.00. (See fig. 8.) Longitudinal stability generally decreases with

increasing «. A pronounced decrease in stability occurs for all configurations near

a = 69 at Mach numbers of 0.80 and 0.90. Tests made with the horizontal tail removed
(configuration FOW50V) show that a large part of the total damping in pitch is contributed
by the horizontal tail. The configuration with the low horizontal tail Hq generally has
less damping at all values of « than the configuration with the high horizontal tail Hy.

il




This is opposite to the effect of tail height observed at M = 0.40 and 0.80 for the con-
figuration with a wing sweep angle of 25° (fig. 7). The configuration with the low hori-
zontal tail is generally more stable than the configuration with the high horizontal tail.
No significant effects of fuselage shape occur for a wing sweep angle of 50°.

A =759 M=1.80 (fig. 9).- Figure 9 presents the longitudinal dynamic stability
characteristics of several configurations with a wing sweep angle of 759 at a Mach num-
ber of 1.80. All configurations have positive damping and stability in pitch. The addition
of either the low horizontal tail Hy or the high horizontal tail Hy generally causes an
increase in damping and stability in pitch. These results are in agreement with those of
reference 1 for these same configurations at Mach numbers of 2.40, 2.98, and 3.60.
Although the schlieren photographs of figure 13 show detailed differences in the shock
patterns produced by the ogive nose and the blocked-engine-inlet nose, the measured

longitudinal stability parameters for the two configurations are very similar. Since the
origin of the strong shocks from the blocked-engine-inlet nose is relatively close to the
oscillation center and the shocks do not impinge on the model at M = 1.80, the similarity
of the data might be expected.

Lateral Stability

A= 250, M = 0.40 and 0.80 (fig. 10).- Figure 10 presents the lateral dynamic sta-
bility characteristics of several configurations with a wing sweep angle of 25° at Mach

numbers of 0.40 and 0.80. All configurations have positive damping in yaw (negative val-
ues of Cp, - Cng cos oz) at all values of angle of attack «. Most of the damping in yaw
is contributed by the vertical tail, especially at the lower values of «@. Large stabilizing
increments of the parameter Cp, coS o + kZCni, are contributed by the vertical tail.
All configurations generally exhibit positive effective dihedral (a negative value of

C; p cos « + k2C Zi‘)’ with the vertical tail adding an almost constant positive dihedral

effect through the « range. The damping in yaw is generally independent of fuselage
shape. However, the directional stability and effective dihedral parameters are affected
by fuselage shape, especially at angles of attack above about 8°.

A =500 M =0.80to 1.20 (fig. 11).- Figure 11 presents the lateral dynamic sta-
bility characteristics of three configurations with a wing sweep angle of 50° at Mach num-

bers from 0.80 to 1.20. All configurations have positive damping in yaw, with a pro-
nounced increase in damping occurring at the higher angles of attack. At the lower val-
ues of q, the vertical tail is the main contributor to both damping and stability in yaw.
The levels and trends of damping are independent of fuselage shape up to angles of attack
of about 4°. At the higher angles of attack, the configuration with the ogive nose Fgy has
more damping and less stability than the configuration with the blocked-engine-inlet nose

iz



4. All configurations exhibit positive effective dihedral except the configuration without
the vertical tail (FoWs0H1) near « = 0% at M =1.00 and 1.20.

A="7T5°% M =180 (fig. 12).- Figure 12 presents the lateral dynamic stability

characteristics of two configurations with a wing sweep angle of 75% at a Mach number
of 1.80. The addition of the vertical tail V increases the damping and stability in yaw
and adds a negative increment to the effective dihedral parameter at all angles of attack.
These results are in agreement with those of reference 1 for these same configurations
at Mach numbers of 2.40, 2.98, and 3.60.

CONCLUDING REMARKS

Wind-tunnel measurements of the aerodynamic damping and oscillatory stability in
pitch and yaw of a model of a variable-sweep supersonic transport configuration have been
made at Mach numbers from 0.40 to 1.80 by using a 1° amplitude forced-oscillation mech-
anism. The investigation was made with wing leading-edge sweep angles of 25° at Mach
numbers of 0.40 and 0.80, 50° at Mach numbers of 0.80, 0.90, 1.00, and 1.20, and 75° at
a Mach number of 1.80. The effects of horizontal and vertical tails, as well as the effect
of horizontal-tail height, were detemined. The engine inlets were blocked since internal
flow through the engines could not be simulated. In order to determine qualitatively the
effect of blocking the engine inlets, tests were also made with a configuration having an
ogive nose.

The results of the investigation indicate that for the oscillation center which was
used the complete airplane configurations generally have positive damping and oscillatory
stability in both pitch and yaw except for a region of longitudinal instability at angles of
attack greater than about 6° at subsonic speeds. The horizontal-tail and vertical-tail
surfaces generally provide most of the damping in pitch and damping in yaw, respectively.
The low horizontal tail generally provides slightly greater damping and stability in pitch
than the high horizontal tail, and the increase varies with wing sweep angle and angle of
attack. The levels and trends of damping and stability in pitch are generally independent
of fuselage shape. The effect of fuselage shape on the lateral dynamic stability charac-
teristics is insignificant near an angle of attack of 0° and is appreciable at angles of
attack greater than about 4° to 6°.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., December 23, 1970.
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(a) Configuration with blocked-engine-inlet nose and low horizontal tail (F 1W75VH1).

Figure 2.- Detail drawings of models. All linear dimensions in inches (1 inch = 0.0254 meter).
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Figure 2.- Concluded.
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Figure 5.- Forward portion of oscillation-balance mechanism. (1 inch = 0.0254 meter).
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Figure 6.- Configuration FoWnrgH1 installed in test section of Langley Unitary Plan wind tunnel.
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Figure 7.- Variation of longitudinal dynamic stability characteristics with
mean angle of attack for sweep of 25°.




¥e

4
0
-4
-8
Cmq"'cr_n& 12
per radian
-16
-20
-24
-28
.8
0
Cmg=KCrng
per radian
-1.6
.04
k, radians

O F, WV H,
0 RWsoVH,
O FWsoVH,
M=0.80 M=030 O FoWsoV M=1.00 M=1.20
ol | la :
fdon | T 17 [T Tedrte | SRR
%DE;‘% - g?\}E/ ﬁ

e
I%i
=t

at
ﬁ

Fesd
-

-

Wue i D] 4
- ognall=r Qb DL O & "1 A
BT T ; || L

0 4 8 12 -4 0 4 8 12 -4 0 4 8 12 0

Mean angle of attack, a ,deg

Figure 8.- Variation of longitudinal dynamic stability characteristics with

mean angle of attack for wing sweep of 50°.
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Figure 9.- Variation of longitudinal dynamic stability
characteristics with mean angle of attack for
wing sweep of 75°. M =1.80; R =1.17 x 106,
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Figure 10.- Variation of lateral dynamic stability characteristics with
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angle of attack for wing sweep of 25°.
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Figure 11.- Variation of lateral dynamic stability characteristics with angle of attack for wing sweep of 50°.
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Figure 12.- Variation of lateral dynamic stability
characteristics with angle of attack for wing
sweep of 75°. M = 1.80; R = 1.17 x 105.
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Figure 13.- Schlieren photographs obtained at M = 1.80 with « = 0°.
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